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(54) LOGICAL CIRCUIT 

(57) Abstract: 

PURPOSE: To eliminate the effect of a large 
subthreshold leakage current and to facilitate 
distinguishing the presence of defective elements by 
connecting a substrate node of a field effect transistor 
having a low threshold voltage to a power supply line and 
by providing an artificial supply line with pads. 

CONSTITUTION: Substrate nodes of P channel MOS 
type field effect transistors M1 and M3 of the field effect 
transistors M1-M4 of low threshold voltage comprising a 
group of logical circuits are connected to a first power 
supply line PL1. Then, substrate nodes of N channel 
MOS type field effect transistors M2 and M4 are 
connected to a second power supply line PL2. Further, 
pads EXQ1 and EXQ2 are provided on a first and a 
second artificial power supply lines QL1 and QL2 and 
these pads EXQ1 and EXQ2 are to serve as the terminals 
for testing. Potentials of the artificial power supply lines 
QL1 and QL2 are so fixed as to increase the threshold 
value of the low threshold transistors only during the 
testing period, thus restraining a subthreshold leakage 
current. 
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© * -cfiv ^ b # v MitajfEco b 9 ssi^ b # i Mfi 

i (omm^^^m^m i <osm«sMSM£8MK u tt 

h7>^^05^ Pft^MOSSl#Mh7 

[B#S2] Pft^MOSSI#M h7 
t Nft^/nviosSiM h 7 v^^^o^tv-^tt 
o^^ffiv^btWiMlEEtf) h5>^^ t SSv^bSv^tt 

1 ©asanas 1 co«fia«aai»{-«ttb, k 

m^*^^*ii^^2coMam^^Si^b, tt«2 
oasfiaaasiiftfiiisv ^ b t v Mtt«EE<z> h 7 >-^* * s:^ b 

Tl^2 OlB^l^iCl^^n byhlmiSlHlSSt^joV^T^ 
±IBtt3ffi|eII^Stt^«^i-S^B:V^b*v^tt«EEO«J^al* 

^v?^^©S«/— K4:»l©«Kj»^»ttb, 

* A-MO S S«#8MH F7^^ OlS/ -K«rl2 

<D«S*fc:»lKU ±E*l^>«fla«RH«:*l 

j^^«tt-rs«ric*r»*i:-rs>»aiill8. 

[0001] 

co 2 u~</kz> b # v MB & #1" 6MO S h 9 v 
^^T?«fiKb^lft3SlHlK{c:«?) % #^PfeiR^off*S 

[0 0 0 2] 

tft*^S*l CMOS LS I^K5gXS^*3V^T, 

h y -^«<z>^crs^ b s 1 (h?> 
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fe^teSR^^^frftlSrWSJb, LS If ^7°^^pV^ 

tSo MOSStffM h7^?©^- M^tetf* 
£b. «/h*««E;&s«ii5K5 (y-hy-^) »^Sria5 
{^-fo MH1, MH3^pft^t#Mb7V 
MH2, MH4^nf-V^/WOi^fh7y 

v?* * , P b 1 t*i^mfficc*mjH|g N P b 2 fcM6«fficDffl; 

10 SRR-CfcSo EXKiPL 1 t^tBitj* htlfcs< y K~C\ ffi 

®f& (vdd) mn&mm&ti&o EX2f*PL2ra 

^fc^V KT\ (GND) o ^a 

0£§cO#iJ<b UINV1, I N V 2 fcfc^rti^aw 
^[HlK^i~ 0 Nb N2liINVb INV2©A^ 
«BT--T?S>5o :^T\ INV2««MH4M 

as#&u (N2trattt) iv^r^ (G 

ND«) t^fi*^*^ *fc, Nl^(S«ffi (GN 
DW</U) x N2dSiK«ffi (VDDl/^) £>»-&4HM 

*>#vmi#, fip^HK^siftftbri/^jrv^^t, 1 g-e^ 
tiji^PLi tPL2torai^ffty-^i«ti g 

or. ex 1 ^mm£ftfcvnDmMfrhffitiz>mffi& 
mfe-tzz tizzy ^ xm&mm&frv , ?-f* 

i£«fc5y— ^«itoffl!i£t>. ^^u^v-a/uKy — ^ 

®* (Is) as«Mx£o ^©l»^^^fih7y^ 
*<Z>bt^ffi«ffitrft#-t-5 0 bSv^«JEE<35i»*tttd5 
30 ffi«S^/h*<*^ax»i. ^^us/^g/vKy— ^«as 
tt^RI^J:5tBSEic:it:^T+»ti:/hS< l 0^- 

[0003] ba>bftase>. ««&K»^ifiBft#a 

b# v^4r*»^(av^^RS bfc h y > * SrJB^ 
ffitffMO S h7^^ ttlE-g-M 1 ~M 4 

-e*-r 0 iSb#u^^(^ttflEMosa«#8^l*^9>' 
40 7^? (mi-m4) x*mi&£ftt^m\mmMk b 

T, ^y/<-^[5]Sg^INVb INV2T?St, N 
1. N2l«tlfJxINVl, INV2<7)AM : ?-t*fc 

So PL l ttia«ffi<z>«8Si». P b 2 ttfi«ffi(Offl;jf|jR 
-C&£ 0 EXlliPLimRWbH^txKT?, i^mffi 
(VDD) ®»^^tl^o EX 2 t£P b 2 fcKttfc 

ttyt^s/KT?. abates (gnd) 0 invi, 
rv^s 0 i(a®M®Q l i fig t# b 7 

^MH 1 ©fflMI^LTtSilP b 1 (JlgSKiSiT,, 
50 ^ffl®M^Qb 2tt h^>'v ; ^^MH2C0t±l^H®®^^ 
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y^^MHUt «S«jaEVDD^wj&Sixs«:aaj|fe 
PL 1 ^KHtilQL 1 ^<z)gi^ty/t7t, n 

^r^-T^o NCI, NC 2 tt-^tb^ih/MH 1 % MH 2 <£> 

£ 0 WJMtMJWftNCl^filft NC2£rig 
tfil^LT, MH 1 tMH 2 SrtyttlHtSo PL1 
iQLl, PL2^QL2 \ttfo*:thWHmm^t£ V) % # 
h9V^^i^KjH^«j(!&SnSo --T% INV2£ 

ffi) iV^f^ (GNDlcffitt) ^«ffias«E;ft,#£fc<Z> 
<ti~£ 0 NiaH&flffi (GNDl/^V) , N2^ 

i^mffi (VDDl/^) t LT, ^O&m^o^T 

a^/a sax. PLiiPL2i©rai^B 

tcJ;5y-^«;^i g (09;tfcE. l^^p/y^ 
_h) 2S«Six5o S&i^tt. h7^^Ml-M4©L 

[0 0 0 4] 

h 7 l/^J^ $ ^ffiV^^ LSI (d^ol- ^TtetU LSI 
Sr«*i-S*^- t^R&^4feC-fe»-& 

[0 0 0 5] 

**wct*. 0 i i-^-r <t 5 mi 

WK»09*.tfQ LliS2 O«0SmSJlRM«.tf Q L2t 
«0tfi»QL i ili^tliPL i <toiHK &J;t> + 

l2£^lKlSjiQL2 <bl2^)fS»PL2 <t <£> PffJ Id 
J&Jx^ixiiSV ^ L # V HfififlE<Z>MO S h7^ 
^^MH 1 *3<fcl*MH2 ^r^T-r^fraStHlSStCjoV^T, _h 
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iPLlMU Nft^MOSll#«h7V 
^?M2, M4<Z)StR/ — K*JB2(Z>aagj»PL2ir. 
g^L. *>o, JiE*ifeJ:tf*2©«fiaWR»^^ 
KEXQ1, EXQ2^it, R^s/ KSrKKfflB^i: 

[0 0 0 6] fc£vM*JiEBW*i&*1-5fca&, 
-ete. H 3 i^i- J: 5 i-s ^l o«fia«SM60Ux. 

tfQL 1 ir»2«0«ia«»i»«x.fjQL 2 i ^Ht-iSVN 

10 l-M4^5>«S»aiHlft»«r#U 

QLUIl^)liiPLU^ &£Tfm2<DM& 
HiQL2 t»2©tB»PL2 irO^t-^rtb^tv^ 
V^L^V vffiflJEOMO S 8[« JKft* h7> * MH 1 

»^«fiK-r 6®v ^ l^ v ^««aE<o«»a* h 9 # 

M 1 -M4(D 9 P^ir^^MOS?g*jKa*b9>' 
y^^Ml, M3(^)S«y — Kfc^l P L l \c 

2, M4<Dm^y — h^m2(Dmmmp^2Kmm\^. 
20 a>o, _hfsm i (omummmQ ^aaasesMHi 

SVG 1 ^LTfl ©l^iiP L 1 (^L, _hfEfg 

2 <DmmnMJ&Q L2^2 ©««aEsyiis8 v g 2 

LTI 2 (OiSi P L 2 U:8*t5»**:ti5 ^iri 

fc:i-*xfiJ:v\, 
[00 0 7] 

L & V Mfi«flE<E>«#3!l* h 9 * £^ LtM»{^ 

5rim5o WRfflM^tt, ±IE£> 

40 ^^-^l^ i: 9 ^t{^£K>, JifH^){£^L^^fitffl: 

^ fdatixS i^^^ v ^ V a /i- K y L < fg;^ 

[0 0 0 8] 

[*^j] ia 1 jd* 1 <omm<om 1 con^j^^-r 0 

L # v ^ffimjE * #f 5MOS h7^^fi 
50 EfMl-M4-C*to SL#V^ffi«JBE«r*f1-<5 
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MO S Mffi;##)Jg: b J * ttfE^MH 1 x MH 2 *C 

^mm^<om axiNvi, inv2 tt^ave 

tL^V/^— ^[p]SS^^i- e Nl, N2fiINVl, IN 
V 2 (DAfiti&^T'h&o P L 1 teiSaffitf>«jR*|, P L 

2f*fi«ffi©«*tf6-T?&5 0 ex itePL l MKtt^ax 

fe^yKt\ iSSffi (VDD) aSdSffittS*bS 0 EX 
2ttPL2tJ:KW&ixfc^y KT% (G 
ND) o pf t^Sh7>^^MHlft ®M®5E 
VDDW^WPLl £t9^WRRQLl i 

2 ttffijfi * *xfc«JSi» P L 2 £ , g^ffijgjftQ L2 t<D 

mm&*>/*7lrZ>mf!£$: : &1-Z>o NCI, NC2fi 
^h^tbMHl, MH 2 <7)^y/^7^i^«9t S fc 

(M1-M4) "t?«ricS*bfe8ftaiilKtt#ii(0 
«fil«jBiRQ L 1 . QL2 WKtt3*i/r^<5„ «fH*M 
iQ L 1 St^Q L 2 (Ifj;/^7 KE XQ 1 s EXQ2^ 
ttkttrv^,, «flElS2gjHQL l fiiSb&v^KJSE hy 

y^mH i ©a*««*^M.r«jigi6p l i i^mm 

^^MH2<7>a*«|S«:^bTBj|gi»PL 2 frjRjK* 

©stR/-m«s*PL i icmmtsti&o 

Ktt«jRj|ftP L 2 {rffittSttSo EXQliEXQ2^r 

0 0 SMffNC 1 ^iKffif&s NC 2 £{g;Sfi£(£bT s 
MHUMH2 WtWo 0 ^yKEXQl, E 
XQ2tC«B*ffilKU PLl^tfi (0»Jx.fc£3V) > 
QLllfi (flx.tf2V) >QL2lfi (M;ttflV) 

LI. QL2^tfMm o p^^h^i^ 

^Ml(iaif5o m$i<Dm& (BP^PLlffiffi) 

— *£>ttflr (ip^QLitfi) J:!9iiS<3fc5J;5t2:QL 

1 <0®te£^LT^£fc#\ Ml^LSvMfififlE (16 

7V^^M2i^@t6 0 s^^mffi mhPL2m 
m &y-*<Dm& (WhQL2mm 

0 fdQL 2cD®{££t£^LT^S*:*X M2^L#V^ 
«BEf«©3l^£ltilS< ftSo M3. M4l:o^tt)[^ 
«"C&So r<D«fc5f-. {£L#Wfi h7^^©LS 

>-<r^±) ^aE*Lfc»^«rffl^i-S 0 EXQlM 

ufc«jB^e>f*. *Pfiiasy-^t« dg) 
^us/->3/u Ky — ^a«fc (is) coft©»©a:«fcdsat 
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iSS"C#5o **3. WaUKR* ttNC l *S5«ffi«C *>t 
NC 2 ^iS^ffitCb, MHlRU { MH2S:^s'ht7« 
ffi(2li"So MH1 tMH2©U§^ffliIEli+^*t 
V^ctf), PLH^QLl^ PL2^t)QL2 

10 [0 0 0 9] 12 MSR 1 <Z>3SfHC0» 2 <DM1&m%^-t 0 
SELIit^^-e, CSEL(itl/^^MJif6|| 

ttSSlcoHJfiej^KC^fcSo 0Jx.fcf, LS I 

XQ1, QL2 irEXQ 2^^tt^m^^J(--eJ 1 9Bf$ 
nxv^jRffif^-rSo ^Ffi^y^JSUWRBtt^rt. CS 
EL^«fc91?I^*&SJ«PU QLliEXQl, QL 
2 £ E XQ 2 ^^^tvS^tC^^HTU^^iC 

XQU QL2 tEXQ2Sr#/rft«t5^t^4 
X*mi&£ft&X4 ^fTfcott), IKSRO^^^^^ 

**J6«n^iBffl-e# s r t fi^ittTfcSo 

[0 0 1 0] H3t^2 05»KOjllfe«y*:^*t- o VG1 
iVG2j*«8R*»MHlK. CVGJ*««*tWHJBS<^»f^ 

GlliQLlS:PLl £ f9fiV^«fltt£*fc5«fg*W-t" 
So Sfc. VG2|j:PL2SrQL2J:9 fiV^tffillifcfe 
5««B«r#-r So L S I <^ii«ftf^H#^ttN C 1 £r{£ffi; 
ffite. ^fcNC2^riglBffii-bTMHlS:t^MH2^^ 
40 yM^LTV^^ ^&^VG1, VG2«l 
fcv^J;5t-U VGl. VG2rttlj:PLUQLl, 
P L 2 iQL 2^^tU^H««W(-eJ9llt**bTV^5JK 

4/:NC2tfitfflcU MH1 WMH2^^7 5/ 
h^^^ffi^-TSo iaB#^CVG^J:!9ttjB«*|plBSSr 
m^^^. PLl^Sffi (09*.tf3V) >QLltffi 

(«x.rt2V) >QL2lB{5: (ffi|x.lilV) >PL2t 
ffi (WI^LfiOV) irftS J; 5 {d«fHttjSi»Q L 1 , QL 
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[00 11] VG lRl/VG 2<Dm%&<D\B}$&mi&ffl$:m 
4M^i% 0 4 fdrfc^TD 1 , D2f^t-K, MH 
5 ttig L £ V ^mmi£<D p ^ * ^/^ISM h 7 > it* 

I NV3(^y/<- ^lElSSr*fe5 0 LSI 
coii^»j^0#(c:^c VG£iS®f&(;i1-£ r <b ^<fc 9 MH 
5^MH6^7«i(^ PLltQLl, P L 2 

If CVG^fitfiCU MH 5 

Q L 1 <DmML%? L 1 (DMiiLX K>4&< , P L 2 CO 

[0 0 12] 

T, ls I f y/rt©*»*^tiS:«fii;:fl»|-e§ 
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= [mu mi<o^mcomi(Dmmm^7!kirmo 
[gi 2] mi<o^m<om2<Dmmm^'rmo 

[B3] *2<D»M<oS6*«*:*i-Ho 

[0 4] 0 3^^tj-^VGcO^«JQ£0iJ^^-rBlo 

[as] ^y^ftwaj^-ttw^ttSTRw-rsfc* 

<£>0 O 

[06] a*««:*i-H 0 

PLK P L2-| 
QL1, P L 2 ••■JSffill 
EX1, EX 2-mMfoJ8s<iy K 
EXQ1. EXQ2-«fil«jRj|6fl|^y K 
VDD — iMWMSR 
GND-«tfi (ffittttK) 

Ml. M3 - igb#VMitP-ch MOSil#Mh7 

M2, M4---{£L#WtlN-ch MOSMtt#gb^: 

MH1, MH3, MH5-"iSbtVMBP-ch MOSl 

MH2, MH4, MH6—iSU#V^fiN— ch MOSl 

Nl, N2 % NCI, NC2 N CSEL, CVG—fg^ 
A^flB^F- 

INV1, INV2 S INV3--fW^^leli 
SE L---ir U^^IhISS 
VG 1 N VG2- 

i g-^H&fcjcsy-^sat 
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